Abstract. In view of the low gain and single frequency operation of common microstrip antenna, a novel dual-band microstrip antenna which is fed by microstrip line is proposed in this paper. Using software HFSS to simulate and optimize it, the antenna can work at two bands which are 3.25-3.35GHz and 4.31-4.42GHz.The total bandwidth is 0.21GHz, while the gain is only 2.1dB.In order to further improve the gain and the bandwidth, a dual-band microstrip antenna with coplanar waveguide (CPW) fed is designed, the current distribution of the patch is changed by etching U-shaped and V-shaped slots. The return loss and the radiation efficiency are improved by adopting the CPW feeding structure. The simulation results show that the antenna can work at the two bands of 4. simultaneously. The maximum gain is 5.1dB. The performance parameters of the optimized antenna are improved compared with those of the original antenna. It can meet the application requirements of dual-band microstrip antenna.
Introduction
Due to the advantages such as small size, light weight, high reliability and easy conformal, the microstrip antenna has been widely concerned by domestic and foreign scholars [1] . The microstrip antenna is expected to be able to work in two or more discrete bands to improve the spectrum utilization, reduce the interference between the frequency spectrums and achieve more functions. The WLAN (wireless local area network), GPS (Global Positioning System) and other communication systems are all typical examples [2] [3] to work in different frequency bands. There are some common methods to realize the multiband characteristic: the first one is that cutting slots in the patch [4] [5] [6] .In this way, the surface current can form a meandering structure and then change the resonant frequency of the antenna. It is simple and convenient to achieve. The second way is loading components to realize the frequency reconfigurable antenna [7] [8] [9] . Although it can work in multiple bands by controlling the number of elements, the loss of the antenna is large and the radiation efficiency is low. The last method is that using the multi stacked patches, which has remarkable effect on realizing the multiband operation [10] .However, the coupling between the antenna patches and the total thickness of the antenna is increased. In this paper, by etching U-shaped and V-shaped slots, a novel dual-band microstrip antenna with CPW fed is proposed.
Structure Design and Simulation of Original Microstrip Antenna

Structure Design
In order to realize the dual-band operation, a microstrip antenna with microstrip line fed is designed. The schematic diagram of the structure is shown in Fig. 1 . The antenna consists of four parts, they are just as follows: radiation patch, microstrip feed line, dielectric substrate and ground plate. Four small rectangular patches are symmetrically loaded on the upper end of the patch, the dimensions are 4*3mm 2 and 4*3.5mm 2 . By changing the antenna structure, the surface current distribution on the patch can be changed, which will further improve the impedance bandwidth and the gain. The parameters are shown in Table 1 . The thickness of the antenna is 1.6mm and the RF4 whose dielectric constant is 4.4 is used as the dielectric material. The equation for calculating the width of the radiation patch is as follow [11] :
(1) In the Eq.1, the C is the speed of light in vacuum, the f r is the resonant frequency and the ε r is the dielectric constant of the substrate. From the Eq.1, we know that, after the dielectric constant is determined, the width of the microstrip antenna has an inverse relationship with resonant frequency.
The length of the patch is defined as λ g /2, the λ g is the guide wavelength in dielectric material. The equation is as follow: (2) In the equation, the ε e is the effective dielectric constant of the substrate materials. Due to the effect of the fringing field shortening, the actual length of L should subtract 2ΔL; the length of the patch edge is calculated as follow:
The length of the microstrip antenna can be calculated as follow: 
Simulation Results
After using the software HFSS to simulate and optimize the antenna, the return losses and gain are shown in Fig. 2 and Fig. 3 respectively. It can be seen from the Figure2 that there are two resonant points which are 3.31GHz and 4.36GHz.The total bandwidth is 0.21GHz, while the return losses at the corresponding points are -13.5dB and -21.6dB and the maximum gain is only 2.1dB, which show that the radiation characteristics and gain of the antenna are still need to be improved. 
Structure Design and Simulation of a Slotted Microstrip Antenna
Structure Design
In order to further broaden the bandwidth, increase the gain and improve the return losses, a V shaped slot is etched on the patch. The schematic diagram of the structure is shown in Fig. 4 . The size of the antenna is 50*50*1.6mm 3 .The length of the three sides are 15mm, 8.15mm and 8.15mm in turn. 
Simulation Results
After using the software HFSS to simulate and optimize the antenna, the return losses and gain of the antenna are shown in Fig. 5 and Fig. 6 respectively. As we can see from the Fig. 5 , there are two resonant points which are 3.35GHz and 4.42GHz.The total bandwidth is 0.22 GHz. The return losses at the corresponding points are -14.1dB and -22.8dB and the maximum gain is 3.7dB.As a result, the gain, total bandwidth and return losses are all improved. But from figure of the return loss at 3.35GHz, we know that the impedance matching can be better. In order to further reduce the return loss and improve the impedance matching, on the basis of original structure, a U-shaped slot and CPW fed is provided for the antenna. As we know, the U-shaped slot can increase the length of the current, and the CPW not only plays a role of feeding but also acts as part of the antenna. By using the CPW fed, the size of the patch is increased and the loss of the antenna is reduced. The performance parameters of the antenna are improved significantly. The schematic diagram of the structure is shown in Fig. 7 . The size of the antenna is still 50*50*1.6mm 3 .The length, width and height of the U-shaped slot are 30mm,1.1mm and 4mm. The gap between the ground plate and the microstrip line is 2.6mm, the height of the ground plate is 13mm. 
After using the software HFSS to simulate and optimize the antenna, the return losses and gain of the antenna are shown in Fig. 8 and Fig. 9 .The antenna optimized can work at the points of 4.29GHz and 4.72GH, the return losses at the corresponding points are -22.3dB and -31dB accordingly. The total bandwidth is 0.27GHz and the maximum gain is 5.1dB with good radiation characteristics.
In a word, by using the CPW fed and etching the U-shaped and V-shaped slots, the antenna has good radiation characteristics at each resonant point, the gain is improved significantly and the bandwidth is further broadened. 
Conclusions
To solve the problems of low gain and single frequency operation of the antenna, a novel dual-band microstrip antenna with CPW fed is proposed in the paper. By etching the U-shaped and V-shaped slots, the antenna can work at the bands of 4.25-4.35GHz and 4.64-4.8GHz at the same time. The return losses are -22.3dB and -31dB accordingly and the maximum gain of the antenna is 5.1dB. The antenna designed can meet the application requirements of antenna in both civil and military fields.
